1. Introduction {#sec0005}
===============

*Lonicera macranthoides*, one of the most important varieties in the *Lonicera* family, is widely cultivated and applied as a substitute for *Lonicerae japonicae* in China for its similar chemical compositions, pharmacological effects but relatively higher yield and lower cost.[@bib0200], [@bib0205], [@bib0210] It has been reported that the effective components in *L. macranthoides* bud possess diverse biological activities, such as antibacterial,[@bib0215] antipyretic,[@bib0220] antioxidant,[@bib0225] and hepatoprotective ability.[@bib0230] It has been reported that volatile fractions together with chlorogenic acid are the main active ingredients in *L. macranthoides*.[@bib0235] Other than the normal medical value, volatile fractions in *L. macranthoides* also attract intensive attention in fields such as cosmetics, shampoos, beverages, flower tea, and baked goods, all of which are owing to its properties of thirst-quenching, heat-clearing, and detoxifying, and render *L. macranthoides* highly appreciated in Chinese herbal medicine.

It is generally known that the budding flower of flower-employed Chinese medicine, rather than leaves or other parts of plants, is conventionally selected as the material for volatile fraction extraction and always ranks first in volatile fraction yields. Previous research also indicates that genetic and environment factors may influence the content and composition of volatile fraction in plants,[@bib0240] as do the development stages.[@bib0245] In addition, the volatile fraction also varies with extraction methods.[@bib0250]

With increasing energy consumption and the drive to improve efficiency, industries and research institutions are challenged to find ways which can simplify operation procedure, meet low cost requirements and achieve good quality. Apart from conventional techniques such as hydrodistillation (HD),[@bib0255] Soxhlet extraction (SE),[@bib0260] ultrasound (US),[@bib0265] microwave (MW),[@bib0270] and cold-maceration (CM),[@bib0275], [@bib0280] some relatively new methods such as supercritical CO~2~ extraction[@bib0285] and head space analysis[@bib0290] have been employed for volatile fraction extraction research in laboratories. However, both supercritical CO~2~ extraction and head-space analysis need special equipment, thus making them too expensive for large-scale volatile fraction extraction when compared with traditional methods. For example, HD is widely treated as the conventional application of the volatile fraction in food and Chinese medicine[@bib0295] and usually takes about 6--8 hours with distilled water for the whole extraction progress. The fraction obtained by this way is completed and pure without organic solvent pollution when compared with ultrasound and microwave. Likewise, SE progress is similar to HD but with organic extraction reagent and mainly used in the volatile fraction extraction of the material that is rich in fat, such as seed or spice.[@bib0265], [@bib0300] Similar research for the volatile fraction extraction on flower materials has also been reported by Guan et al.[@bib0305] Unlike HD and SE, both MW and US extractions offer a faster and simpler procedure and require less plant material.[@bib0310] Thus, the two methods are widely applied for fast extraction at the cost of compounds integrity.

Additionally, CM always results in an odor similar to that in the original plant material without causing degradation of the thermo labile compounds present in the fraction due to the low extraction temperature similar to cold pressing,[@bib0315] rather than heating in HD or SE, which makes heating a factor investigated for extraction of volatile fractions from aromatic flowers. However, the exact differences about the volatile fractions extracted via the five methods mentioned above have not been reported yet.

Over the years, procedures such as US and MW extraction have replaced some of the conventional processes such as HD and SE that have been used in industries and laboratories for decades. We wonder if the relatively new methods are exactly fit for the volatile fraction extraction in Chinese medicine, because it is the entirety of constituent rather than a single compound that cures diseases. In this paper, we present a comparative study of the content and composition of volatile fraction extracted by different methods from *L. macranthoides* in order to find the differences in terms of their quantity and quality.

2. Methods {#sec0010}
==========

2.1. Chemicals and plant material {#sec0015}
---------------------------------

Analytical grade anhydrous sodium sulfate and ethyl acetate were purchased from Kelong Chemical (Chengdu, China). The buds of *L. macranthoides* were authenticated by Professor Xingfu Chen in Sichuan Agricultural University (Sichuan, China) and collected in July 2012 from Suining in Sichuan province of China. The materials were dried and pulverized to a fine powder using a mechanical grinder.

2.2. Extraction procedures {#sec0020}
--------------------------

The extraction of volatile fraction from *L. macranthoides* was performed using five different methods, and each test was carried out in triplicate.

### 2.2.1. HD {#sec0025}

A 20 g sample of *L. macranthoides* was subjected to hydrodistillation, according to the China Pharmacopeia,[@bib0300] and extracted with 200 mL of distilled water for 6 hours (until no more volatile fraction was obtained). The volatile fraction was collected, dried with anhydrous sodium sulfate and stored at 4 °C until used.

### 2.2.2. SE {#sec0030}

The samples (20 g) were weighed and transferred into the Soxhlet apparatus (SOX500, Haineng, China, with 6 individual extractors), then extracted with 200 mL ethyl acetate for about 6 hours at 60 °C.[@bib0265] After extraction, the mixture was combined, concentrated, and stored at 4 °C until analysis.

### 2.2.3. US extraction {#sec0035}

According to Pingret et al,[@bib0320] an ultrasonic cleaner with temperature control (SB5200DT; Ningbo Xinzhi Biotechnology Co., Ltd., Ningbo, China) was used for ultrasonic extraction. For each experiment, 6 g of crushed material with 30 mL ethyl acetate were allowed to stand overnight and then placed into the reactor. Then the US was twice applied for 30 minutes operating at a frequency of 25 kHz and 45 °C. The two extracts were filtered with speed quantitative filter and mixed together as the final extract, which was then concentrated and stored at 4 °C until analysis.

### 2.2.4. MW extraction {#sec0040}

The MW extraction experiment was performed in a MM-2270MG MW extractor (Haier, Qingdao, China), with the time, temperature, and power controlled.[@bib0275] In a MW procedure performed at atmospheric pressure, 6 g of *L. macranthoides* with 30 mL ethyl acetate, which was let stand overnight first, was heated twice at 200 W for 10 minutes. To facilitate rigorous comparison, each final extract was concentrated and stored in the same way as in US extraction.

### 2.2.5. CM {#sec0045}

By reference to Liang et al[@bib0275] and Du et al,[@bib0280] 6 g of *L. macranthoides*, with 30 mL ethyl acetate, were placed in a conical flask sealed with a stopper and wraps. The material was soaked in 30 mL ethyl acetate twice for 24 hours each time. The extracts were combined as the final extract for each material. To facilitate rigorous comparison, each final extract was concentrated and stored in the same way as for US extraction.

2.3. Gas chromatography--mass spectrometric identification {#sec0050}
----------------------------------------------------------

Gas chromatography--mass spectrometric analyses were performed on a QP2010 system (Shimadzu, Kyoto, Japan) by electronic ionization at 70 eV, employing a chromatographic column (DB-5MS, 30 mm × 0.25 mm, 0.25 μm). Each extract (1 μL) was injected using the splitless injection method. The column temperature was increased from 60 °C to 200 °C at the rate of 6 °C/min (held at 200 °C for 6 minutes), then raised to 220 °C by 5 °C/min, next to 250 °C by 4 °C/min, and finally held at 250 °C for 5 minutes. The injection port was set at 250 °C. Helium gas was used as the carrier at a flow rate of 1 mL/min.

Relative percentage data were obtained from electronic integration of peak areas without the use of a correction factor. The software adopted to handle mass spectra and chromatograms was GC-MS Solutions. Retention indices were determined using retention times of normal alkanes that had been injected after the oil under the same chromatographic conditions mentioned above. The compounds were identified by comparison of their mass spectra with the NIST05.LIB database or with published mass spectra.

3. Results {#sec0055}
==========

3.1. Composition of volatile fraction {#sec0060}
-------------------------------------

The results indicate that both similarities and differences are present in the compositions of the volatile fraction collected via the five methods (see [Table 1](#tbl0005){ref-type="table"}). [Table 1](#tbl0005){ref-type="table"} lists the constituents (content \> 0.5%) of volatile fractions extracted by different methods. The relative content of the volatile fraction is determined by area normalization. The compounds identified account for 99.98%, 99.96%, 99.96%, 97.58%, and 91.62% in HD, SE, MW, US, and CM, respectively. Therefore, the total proportion of all the other compounds, every single compound of which accounts for \< 0.5% and has not been exhibited in our result, was 0.02%, 0.04%, 0.04%, 2.42%, and 8.38%, respectively.Table 1Volatile compounds (accounting for \> 0.5%) of Lonicera macranthoides analyzed by gas chromatography--mass spectrometryNo.Identified compoundsMolecular formulaRMM[\*](#tblfn0005){ref-type="table-fn"}Relative content (%)HDSEMWUSCM1Dimethyl phthalateC~10~H~10~O~4~19414.0713.3217.0019.287.652Dibutyl phthalateC~16~H~22~O~4~27823.1016.1018.4017.867.093Hexadecanoic acidC~16~H~32~O~2~2564.5617.8625.7220.6612.254Octadecanoic acidC~18~H~36~O~2~2841.393.472.852.8318.225Tetradecanoic acidC~14~H~28~O~2~22811.900.610.660.890.7369,12-Octadecadienoic acidC~18~H~32~O~2~2803.98---[†](#tblfn0010){ref-type="table-fn"}27.4812.9812.0479,12,15-Octadecatrienoic acid, methyl esterC~19~H~32~O~2~2921.95---7.194.138.0081,2,3-Propanetriol, monoacetateC~5~H~10~O~4~134---1.19---8.422.8699,12-Octadecadien-1-olC~18~H~34~O266---24.57------22.411010-NonadecanolC~19~H~40~O284---4.28------3.6411HeneicosaneC~21~H~44~296---3.24------1.5012Hexadecanoic acid, butyl esterC~20~H~40~O~2~3121.32---0.661.77---133,7,11,15-Tetramethyl-2-hexadecen-1-olC~20~H~40~O296---0.84---0.79---14Phenylethyl alcoholC~8~H~10~O1220.91------0.82---151-HexadecanolC~16~H~34~O2421.561.79---------16Heptadecane,2,6,10,15-tetramethyl-C~21~H~44~2961.120.72---------173-Hydroxy-2,2,6-trimethyl-6-vinyltetrahydropyranC10H18O21703.65------1.60---182,6-Octadien-1-ol, 3,7-dimethyl-C~10~H~18~O1544.20------------19Benzoic acid, 4-formyl-, methyl esterC~9~H~8~O~3~1640.79------------20Undecanoic acidC11H22O21861.19------------21Hexadecanoic acid, methyl esterC~17~H~34~O~2~2701.52------------22Hexadecanoic acid, ethyl esterC~18~H~36~O~2~28412.70------------2312,15-Octadecadienoic acid, methyl esterC~19~H~34~O~2~2941.49------------249,12,15-Octadecatrienoic acid, methyl esterC~14~H~26~1941.88------------259,12,15-Octadecatrien-1-olC~18~H~32~O2641.44------------26NonadecaneC~19~H~40~2683.12------------27HexadecaneC~16~H~34~2262.14------------281-HeptacosanolC~27~H~56~O396---7.35---------29PentatriacontaneC~35~H~72~492---4.62---------30Pentanoic acid, ethyl esterC~7~H~14~O~2~130---------1.20---31Hexanoic acidC~6~H~12~O~2~116---------1.30---321,2-Benzenedicarboxylic acid, bis(2-methylpropyl) esterC~16~H~22~O~4~278---------0.90---332-NonadecanoneC~19~H~38~O282---------1.61---34TetracosaneC~24~H~50~338---------1.88---35Octadecanoic acid, butyl esterC~22~H~44~O~2~340---------1.08---36Acetic acid, octadecyl esterC~20~H~40~O~2~312------------0.9937Citronellyl isobutyrateC~14~H~26~O~2~226------------1.5938Eicosanoic acidC~20~H~40~O~2~312------------1.03Total99.9899.9699.9697.5891.62[^1][^2]

As to the type of compounds, HD extract appears to rank first with 22 different compounds, followed by SE, US, and CM with 14--16 compounds; however, only eight compounds are present in the MW, which means that MW may lead to reduction in compound complexity. Therefore we can conclude that MW may make it easier for the isolation of some specific compounds such as hexadecanoic acid and octadecadienoic acid. Moreover, compounds with high relative molecular mass (RMM) in SE, such as 1-heptacosanol (RMM = 396) and pentatriacontane (RMM = 492), accounted for 7.35% and 4.62%, respectively. The other methods appear to focus on extracting lower molecular-mass compounds, the RMM of which vary from 116 to 340.

As shown in [Table 1](#tbl0005){ref-type="table"}, hexadecanoic acid, reported as dominating first (21.52%) in the HD extract,[@bib0325] was present in all the volatile fractions extracted by the methods we used. However, the total percentage of volatile fractions varied with methods and was 4.56%, 17.86%, 25.72%, 20.66%, and 12.25%, respectively. Meanwhile, we also found 17.1% of the derivatives from hexadecanoic acid in HD. Although the five extracts contained the same components, such as dimethyl phthalate, dibutyl phthalate, hexadecanoic acid, octadecanoic acid, and tetradecanoic acid, their proportions varied more or less according to the extraction technique used, as did the most abundant component isolated by different methods. The most abundant compounds in HD, SE, US, MW, and CM were dibutyl phthalate (23.10%), octadecadien-1-ol (24.57%), octadecadienoic acid (27.48%), hexadecanoic acid (20.66%), and octadecadien-1-ol (22.41%), respectively. The relative content of octadecadienoic acid is very different among the five methods and is 3.98% (HD), not detectable or \< 0.5% (SE), 27.48% (MW), 12.98% (US), and 12.04% (CM). However, we can also notice the presence of octadecatrien-1-ol in HD (1.44%), SE (24.57%), and CM (22.41%). This difference is possibly due to the degradation through the extracting procedure or may vary with method.

As shown in [Table 2](#tbl0010){ref-type="table"}, the volatile fraction of *L. macranthoides* can be divided into aliphatic, aromatic, and terpene, which is consistent with the result of HD extract by Wang et al.[@bib0325], [@bib0330] The functional groups of the constituents from SE and MW are similar to each other but different from the other three methods, especially for the proportion of terpene group, which is \< 0.5% or not detectable in our samples. The terpene groups of volatile fractions from *L. japonica* has been reported as only sharing 0.526% of the total volatile fraction in the result of Vereshchagin et al,[@bib0335] meaning that the terpenes occupy a small proportion in the volatile fraction. Furthermore, most of the terpene group occupied \< 0.5% of the total yield in the result of Wang et al[@bib0325] and Tong et al.[@bib0340]Table 2Percentages of functional groups of the constituents of essential oils from Lonicera macranthoides analyzed by gas chromatography--mass spectrometryCompoundRelative content (%)CategoryGroupHDSEMWUSCMAliphatic![](fx1.gif)3.0038.83--- [\*](#tblfn0015){ref-type="table-fn"}0.7926.05![](fx2.gif)23.0221.9456.7338.6644.27![](fx3.gif)9.2525.4134.6717.9042.45![](fx4.gif)---------1.61---![](fx5.gif)17.491.197.1916.608.99![](fx6.gif)6.398.58---1.881.50Total59.1595.9598.5977.44123.26Aromatic![](fx7.gif)0.92------0.82---![](fx8.gif)39.4529.4635.4238.0414.74![](fx9.gif)1.49------------Total41.8629.4635.4238.8614.74Terpene![](fx10.gif)7.85------1.60---![](fx11.gif)------------1.59![](fx12.gif)7.85------1.60---Total15.70------3.201.59[^3]

3.2. Analysis of the extraction conditions {#sec0065}
------------------------------------------

According to [Table 3](#tbl0015){ref-type="table"}, only 6 g of the sample are needed for US, MW, and CM, which indicates that they may be more appropriate where the amount of material is limited, when compared with the other two methods. Only the traditional HD employs water rather than organic solvent for the whole extraction procedure. When HD and SE, both of which were performed with the same sample amount and under the same extraction time condition are compared, the higher extraction temperature at 100 °C with water as extraction solvent in HD may have accelerated the terpene groups extracting procedure. Likewise, 3.20% and 1.59% of terpene groups were also obtained in US and CM, respectively, which indicates that ultrasound or longer extraction time even at 4 °C with 24 hours by CM may have a similar impact on the terpene group extracting procedure, and 10 minutes in MW is not long or good enough for the terpene group extraction in the volatile fraction.Table 3Extraction conditions of different methodsConditionSample amount (g)Extraction time (min)Extraction temperature (°C)Extraction solvent (mL)WaterEthyl acetateHD20360100200---SE2036060---200US63045---30MW61045---30CM61,4404---30[^4]

4. Discussion {#sec0070}
=============

In terms of the variety of compounds accounting for \> 0.5%, the major components obtained by the five methods turn out to be similar to each other, albeit in different amounts, such as dimethyl phthalate, dibutyl phthalate, and hexadecanoic acid. It is widely accepted that dibutyl phthalate or diisobutyl phthalate and hexadecanoic acid are the principal constituents in volatile fractions of *L. japonica* and *L. macranthoides* extracted by HD and supercritical fluid extraction, whereas their relative proportions vary with methods.[@bib0330], [@bib0345], [@bib0350] The same result was described in the *L. japonica* volatile fraction obtained at different harvest times (from June to August),[@bib0355] different flower stages (buds, white flower, and yellow flower),[@bib0360] and different origins (Shandong, Henan, and Jiangsu provinces in China).[@bib0365]

Some of the organic acids and esters, which have special smells, are relevant to the flavor in flowers and fruits. Ethyl acetate, accounting for 1.13%,[@bib0370] was reported as one of the major constituents in the volatile fractions of kumquats. Citronellyl formate and citronellyl acetate were considered as the characteristic scent related compounds of the fractions from peels according to flavor dilution factors, relative flavor activity, and GC-sniffing. Similar results occurred in the research of Nguyen et al.[@bib0375] Dibutyl phthalate itself is a kind of colorless, transparent and oily liquid with special fragrant smell. Thus, we suspect dibutyl phthalate and hexadecanoic acid as the likely scent-related compounds in the volatile fractions from *L. macranthoides.*

The constituents in CM are most complicated and there are fewer differences in the variety of volatile fractions by US, MW, and HD. This phenomenon may be related to the heating directly or indirectly during the extracting process, causing the loss of trace compounds to different degree by different methods. The reason for the loss of some compounds in the other methods compared with CM is probably not that these compounds are not extracted but rather that the reduction in extraction time and heating. Therefore we can conclude that CM enjoys the advantage in extracting the low-percentage rather than high-percentage compounds. Some new compounds may be more easily found during the CM and US extraction procedure than that of the other three methods.

Indeed, for an extract to be classified as volatile fraction, heat and water may be used in its extraction from traditional Chinese medicine. HD is a classical technology and appears to be a good extraction method for volatile fractions from aromatic plants in China. Nevertheless, some compounds such as linalyl acetate in the volatile fraction extracted via HD are well known to be thermally sensitive and vulnerable to chemical changes. Linalyl acetate has been reported by Périno-Issartier et al[@bib0310] to be likely to degrade into linalool via HD and the degradation reaction would appear to be more limited with microwave extraction, probably because the lavandin was not in direct contact with water and extracted with a lower temperature. In our study, we observe that the volatile fraction collected by HD consists of five kinds of hexadecanoic acid and their derivatives, namely, hexadecanoic acid (4.56%), hexadecanoic acid, methyl ester (1.52%), hexadecanoic acid, ethyl ester (12.70%), 1-hexadecanol (1.56%), and hexadecanoic acid, butyl ester (1.32%), whereas all the four derivatives are not detectable in CM. Only 1.79% of 1-hexadecanol has been collected in SE, and 0.66% and 1.77% of hexadecanoic acid, butyl ester in MW and US, respectively. Besides, alcohol and acids can easily generate into esters, and this reaction is reversible, according to Hu et al.[@bib0380] Therefore, we can conclude that water directly mixed with *L. macranthoides* can be used as an initiator of the reaction causing the degradation of hexadecanoic acid, and this situation seems to be not so serious in the other four solvent extraction methods applied in this study.

In the light of previous study, octadecadienoic acid is an essential fatty acid with great health benefits in humans and its derivatives possess antihypertensive activities and the function of accelerating the blood microcirculation and depressing blood-fat, which make it an excellent cure for hypertension, hyperlipidemia, angina, and obesity. These data suggest that volatile fraction extracts under the proper conditions from *L. macranthoides* may possess similar activities as octadecadienoic acid and its derivatives, and higher activities may occur in the volatile fractions collected via organic solvent, rather than the direct contact with water as with HD. Likewise, the study of Huang et al[@bib0385] indicated that heating can destroy the anti-inflammation effective components in the comparison of heated and unheated volatile fractions of *L. japonica*. It also exhibited good antipyretic, anti-inflammatory and analgesic activities according to Ni et al.[@bib0390] Besides, *L. macranthoides* used to be regarded as excellent substitute for *L. japonica* in China in consideration of its similar pharmacology activities, high production, and lower cost. Thus, we speculate that the volatile fractions of *L. macranthoides* may possess similar activities as that of *L. japonica*. With further study and the accumulation of base data, more attention will be paid to the bioactivities of volatile fractions in *L. macranthoides*.

In this study, the volatile fractions of *L. macranthoides* have been extracted using five different methods and a comparison of the different techniques has been carried out. The results indicate that the different methods may be considered as the optimum process according to some specific request and the classical HD method is the best way to purify volatile fraction without pollution, which can sometimes be replaced by the volatile fraction extraction process. For example, SE shows great value in research where the high molecular-mass compounds are of primary interest, and MW offers a method for the isolation of specific compound such as octadecadienoic acid and hexadecanoic acid. In addition, HD, US, and CM have the advantage over SE and MW for the integrity of the constituents, whereas the phenomenon of compound degradation seems not so serious in solvent extraction such as US or CM as in HD. Moreover, US and CM show superiority over time or material saving and diversity of constituents.

In conclusion, US, HD, and CM can be applied in the volatile fraction extraction of *L. macranthoides* for the benefit of time or material saving, integrity, and variety of constituents, respectively. However, HD is still the best choice for pure volatile fraction without organic solvent pollution.
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[^1]: Relative molecular mass.

[^2]: Less than 0.5% or undetectable.

    HD, hydrodistillation; SE, Soxhlet extraction; US, ultrasound extraction; MW, microwave extraction; CM, cold-maceration.

[^3]: Trace or undetectable.

    HD, hydrodistillation distillation; SE, Soxhlet extraction; US, ultrasound extraction; MW, microwave extraction; CM, cold-maceration.

[^4]: HD, hydrodistillation distillation; SE, Soxhlet extraction; US, ultrasound extraction; MW, microwave extraction; CM, cold-maceration.
